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:H PHDVXUHG WKH WLPHGLIIHUHQWLDWHG VSHFWUXP RI WKH &I VRXUFH DV VHHQ E\ DQ KLJKSXULW\ JHUPDQLXP
GHWHFWRU WULJJHUHG E\ WKH 1( OLTXLG VFLQWLOODWRU GHWHFWRU 7KH GHWHFWRUV DUH RIIOLQH FRLQFLGHG IURP WKH
HYHQWE\HYHQW OLVW IRUPHGZLWKQV UHVROXWLRQE\ WKHTXDG)$'&XQLW RI WKH&$(11% W\SH7KH
VLJQDWXUHV RI WKH SURFHVVHV LQGXFHG E\ IDVW DQG VORZ QHXWURQV ERWK ZLWKLQ WKH GHWHFWRU LWVHOI DQG LQ LWV
HQYLURQPHQWDSSHDUFRPSOHWHO\VHSDUDWHG7KHSURFHVVHV LQGXFHGE\IDVWQHXWURQVDUH IRXQG LQ WKHSURPSW
SDUWRIWKHWLPHVSHFWUXPDQGWKRVHLQGXFHGE\WKHUPDOQHXWURQVLQWKHORQJWDLORIGHOD\HGFRLQFLGHQFHV:H
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VLJQDWXUHV LQ WKH VSHFWUD RI JHUPDQLXP GHWHFWRUV 7KHVH KDYH EHHQ VWXGLHG LQ JUHDW GHWDLO ZLWK WKH DLP WR
HLWKHU LPSURYH RQ WKH NQRZOHGJH RI EDFNJURXQG VSHFWUD RI JHUPDQLXP GHWHFWRUV RU IRU GHWHUPLQDWLRQ RI
QHXWURQ IOX[HV DW WKHSRVLWLRQRI WKHGHWHFWRU 6WHOVRQ HW DO âNRUR HW DO :RUGHO HW DO 
)HKUHQEDFKHU HW DO  *HWH HW DO  6LLVNRQHQ DQG 7RLYRQHQ  /MXQJYDOO DQG1\EHUJ
 $EW HW DO  $WDo HW DO  -RYDQþHYLü HW DO  6RPH RI WKH VWXGLHV GHDOW ZLWK














7KH PDWHULDOV ZKLFK VXUURXQG WKH GHWHFWRUV LQ WKH H[SHULPHQWV LQFOXGH OHDG SDUDIILQ K\GURJHQ ERURQ
FDGPLXP DOXPLQLXPDQG LURQ7KH HQFDSVXODWHG &I VRXUFHKDG D VWUHQJWKRI DERXW QHXWURQV LQS
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7KHUHVXOWV
7KH VLQJOHV VSHFWUXP RI 1( VHUYHV SUDFWLFDOO\ RQO\ DV D WULJJHU IRU WKH +3*H VSHFWUXP 7KH VLQJOHV
VSHFWUXP RI WKH LQ WKLV FDVH OLJKWO\ VKLHOGHG JHUPDQLXP GHWHFWRU FRQVLVWV RI WKH FRUUHVSRQGLQJO\ ULFK
HQYLURQPHQWDO EDFNJURXQG VSHFWUXP RI WKH JDPPD UD\V JLYHQ RII E\ WKH FDOLIRUQLXP VRXUFH DQG RI WKH
GLIIHUHQW IHDWXUHV LQGXFHG E\ ILVVLRQ QHXWURQV RI FDOLIRUQLXP LQ WKH+3*H GHWHFWRU DQG LQ WKH VXUURXQGLQJ









ZKLOH )LJE GHSLFWV WKH SDUW RI WKH VSHFWUXPZLWK WKH  NH9 OLQH IURP Q Q¶ UHDFWLRQ RQ )H IRXQG
PRVWO\ LQ WKH1( FDVLQJ 7KH ILUVW UHDFWLRQ KDV WKH KLJK FURVV VHFWLRQ IRU WKHUPDO QHXWURQVZKLOH WKH
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7KHVWUXFWXUHDW(J NH9
7KH TXDVLWULDQJXODU VWUXFWXUH VWDUWLQJ DW  NH9ZKLFK LV GXH WR LQHODVWLF QHXWURQ VFDWWHULQJ RQ WKH ILUVW
H[FLWHG VWDWH RI *H KDV EHHQ VWXGLHG PDQ\ WLPHV DQG LQ JUHDWHVW GHWDLO >@ 7KH  NH9 VWDWH LV DQ












7KH WLPH VWUXFWXUHRI WKHNH9GLVWULEXWLRQ FDQEH VHHQ LQ)LJ  ,W LV VHHQ WKDW LQ WKHSURPSW
VSHFWUXPZKHUHWKHVSHFWUDOEDFNJURXQGLVTXLWHKLJKWKHWLPHLQWHUYDOQDUURZDQGWKHLQWHQVLW\RIWKH
NH9 UDGLDWLRQ FRQVHFXWLYHO\ ORZ WKH VWUXFWXUH LV EDUHO\ GLVFHUQLEOH 2Q WKH RWKHU KDQG LQ WKH GHOD\HG
VSHFWUXPKHUHXSWRPVZKHUHWKHVSHFWUDOEDFNJURXQGLVYLUWXDOO\DEVHQWWKHVWUXFWXUHKDVWKHSURQRXQFHG
DQGW\SLFDOWULDQJXODUIRUP








LQ3X]RYLüDQG$QLþLQ7KHILW WKURXJK WKHQLFHO\H[SRQHQWLDO WDLORIGHOD\HGFRLQFLGHQFHV)LJE
\LHOGVDWWKH&/WKHKDOIOLIHRIQVZKLFKFRPSDUHVVDWLVIDFWRULO\ZLWKWKHHVWDEOLVKHGYDOXHRI
QV7KLVMXVWLILHVWKHXVHRIWKHLQWHQVLW\RIWKLVGLVWULEXWLRQIRUIDVWQHXWURQIOX[HVWLPDWLRQLQWKHFDVHRI
GLJLWDO VSHFWURVFRS\ DV ZHOO 7KH WUHDWPHQW RI WKH EHORZWKHWULJJHULQJOHYHO SXOVHV LQ D JLYHQ GLJLWDO




)LJ7KH³WULDQJXODU´ VWUXFWXUHDW(J NH9 LQ WKHQRQJDWHG+3*HVSHFWUXPIURP WKHLQHODVWLFQHXWURQVFDWWHULQJRQ *H7KH
SRVLWLRQRIWKHNH9ZLGHVRIWZDUHJDWHZKLFKLVXVHGWRSURGXFHWKHWLPHVSHFWUXPVKRZQLQ)LJLVDOVRVKRZQ





)LQDOO\ZH WRRNDQGDQDO\VHG WKHGLUHFW+3*HFDOLIRUQLXP VSHFWUXP LQ WKH VRFDOOHGRVFLOORJUDPPHPRGH
ZKHQ WKH SXOVHV DUH VDPSOHG DW  QV LQWHUYDOV VWDUWLQJ DW WKH JLYHQ QXPEHU RI SRLQWV EHIRUH WKH GHILQHG










WKHFRUUHVSRQGLQJ UHFRLOSXOVH7KLV IRU WKH ILUVW WLPHSURGXFHV WKHQRUPDO OLQHDWNH9 LQVWHDGRI WKH
FRPPRQVXPPLQJVWUXFWXUH)LJWREHFRPSDUHGZLWK)LJ7KHLQWHJUDORIWKHOLQHHTXDOVWKHLQWHJUDORI
WKHVWUXFWXUH7KLVDGGLWLRQDODQDO\VLVYDOLGDWHVRXUHDUOLHUFRQFOXVLRQVFRQFHUQLQJ WKHVXLWDELOLW\RI WKH










WKH 1( OLTXLG VFLQWLOODWRU GHWHFWRU 7KH GHWHFWRUV ZHUH RIIOLQH FRLQFLGHG IURP WKH HYHQWE\HYHQW OLVW
IRUPHGZLWKQVUHVROXWLRQE\WKHTXDG)$'&XQLWRIWKH&$(11%W\SH:HWHVWHGWKHZRUNLQJVRI
WKH V\VWHPRQDQXPEHURIHIIHFWV JHQHUDWHGE\QHXWURQVDQG IRXQG WKH WLPH UHVROXWLRQ VDWLVIDFWRU\ IRU WKH
SXUSRVH7KHVLJQDWXUHVRIWKHSURFHVVHVLQGXFHGE\IDVWDQGVORZQHXWURQVERWKZLWKLQWKHGHWHFWRULWVHOIDQG
LQ LWV HQYLURQPHQW DSSHDU FRPSOHWHO\ VHSDUDWHG 7KH SURFHVVHV LQGXFHG E\ IDVW QHXWURQV DUH IRXQG LQ WKH
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6WHOVRQ3+HWDO1XFO,QVWU0HWK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